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KLJKHUFRQQHFWLYLW\WKDQWKHJLYHQWKUHVKROGZLOOEHSDUWLWLRQHGLQWRWKHVDPHFOXVWHURWKHUZLVHUHPRYHG
IURPWKHFOXVWHU
3DUWLWLRQLQJRSWLPDOO\DK\SHUJUDSKLVD13FRPSOHWHSUREOHP+0(7,6 LVFXUUHQWO\RQHRIPXOWLSOH
OHYHOKLHUDUFK\K\SHUJUDSKSDUWLWLRQLQJDOJRULWKPVZLWKKLJKHIILFLHQF\DQGDFFXUDF\%DVHGRQWKHDERYH
DQDO\VLV ZH PRGLI\ WKH +0(7,6 ZLWK WZR RSWLPL]DWLRQ IXQFWLRQV WR SDUWLWLRQ D K\SHUJUDSK LQ RXU
SURSRVHGDOJRULWKP
766  Jianhua Che et al. / Physics Procedia 24 (2012) 762 – 768

([SHULPHQWDO5HVXOWVDQG$QDO\VLV
7RYHULI\WKHHIIHFWLYHQHVVRIWKHIUHTXHQWDWWDFNVHTXHQFHEDVHGK\SHUJUDSKFOXVWHULQJDOJRULWKPDQG
LWV RSWLPL]HG DOJRULWKPZLWK D V\QWKHWLFZHLJKWPHDVXUH DQG WZR FOXVWHU RSWLPL]LQJ IXQFWLRQVZH KDYH
PDGHDVHULHVRIH[SHULPHQWV7KHQHWZRUNVHFXULW\ORJXVHGLQWKHH[SHULPHQWVLVIURPD'HOO3RZHU(GJH
6\VWHPZLWK,QWHO;HRQ&38(#*+]DQGZHVHOHFWDERXWRQH\HDU
VQHWZRUNDFFHVVORJ
LQFOXGLQJXVHUVDQGVHVVLRQV,QWKHH[SHULPHQWVZHGHOHWHWKHVHVVLRQVWKDWWKHDFFHVVQXPEHU
LV OHVV WKDW  RU ELJJHU WKDQ  DQG WKH OHQJWK LV VKRUWHU WKDQ  ,Q DGGLWLRQ WKH VXSSRUW RI WKH
$SULRULDOJRULWKPLVVHWWRWKHGHSWKRIVOLSSLQJZLQGRZVLVVHWWRWKHFRQQHFWLYLW\WKUHVKROGRID
YHUWH[LVVHWWRDQGWKHFOXVWHUQXPEHULVVHWWRE\RXUSUHDQDO\VLV
,Q JHQHUDO WKHUH DUH WKUHH HYDOXDWLRQPHWULFV RI FOXVWHULQJ UHVXOWFRYHUDJHSUHFLVLRQ DQG FRPELQHG
PHDVXUH>@$VVXPHG WKDW W LV D IUHTXHQW DWWDFN VHTXHQFH VHWZ LV WKHGHSWKRI VOLGLQJZLQGRZ5 LV WKH
FOXVWHULQJUHVXOW7KHQWKHIRUPXODWLRQVRIFRYHUDJHSUHFLVLRQDQGFRPELQHGPHDVXUHLV
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+HUHLQZHDGRSWFRYHUDJHDQGSUHFLVLRQWRHYDOXDWHWKHHIIHFWLYHQHVVRIWKHIUHTXHQWDWWDFNVHTXHQFH
EDVHG K\SHUJUDSK FOXVWHULQJ DOJRULWKP DQG LWV RSWLPL]HG DOJRULWKP7KH FRYHUDJH DQG SUHFLVLRQ RI WZR
DOJRULWKPVLVVKRZQDVILJXUHDQGILJXUH

)LJXUH 7KH&RYHUDJH&RPSDULVRQRI7ZR&OXVWHULQJ$OJRULWKPV

)LJXUH 7KH3UHFLVLRQ&RPSDULVRQRI7ZR&OXVWHULQJ$OJRULWKPV
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5HODWHG:RUN
&OXVWHUDQDO\VLVKDYHEHHQVWXGLHGH[WHQVLYHO\IRUGHFDGHVDQGORWVRIFOXVWHULQJDOJRULWKPVKDYHEHHQ
EURXJKW IRUZDUG>a@ 7DSDV .DQXQJR HW DO>@ JLYHV D GHWDLOHG LQWURGXFWLRQ WR WKH DQDO\VLV DQG
LPSOHPHQWDWLRQRI.0($16FOXVWHULQJDOJRULWKP+XL;LRQJHWDO>@LQYHVWLJDWHVKRZGDWDGLVWULEXWLRQV
FDQKDYHLPSDFWRQWKHSHUIRUPDQFHRI.PHDQVFOXVWHULQJDQGSURYLGHVDQHFHVVDU\FULWHULRQWRYDOLGDWH
WKH FOXVWHULQJ UHVXOWV LH WKH FRHIILFLHQW RI YDULDWLRQ&9 3DYDQ DQG 3HOLOOR>@ SUHVHQW D QHZ JUDSK
WKHRUHWLFDSSURDFKIRUFOXVWHULQJDQGVHJPHQWDWLRQ,QGHUMLW6'KLOORQHWDO>@GHYHORSVDIDVWKLJKTXDOLW\
PXOWLOHYHO DOJRULWKP WKDW GLUHFWO\ RSWLPL]HVYDULRXVZHLJKWHG JUDSK FOXVWHULQJ REMHFWLYHV WR DFKLHYH WKH
ZHLJKWHG JUDSK FXWVZLWKRXW HLJHQYHFWRUV5XL;X DQG'RQDOG:XQVFK ,,>@ VXUYH\ WKH VFRSHRI FOXVWHU
DQDO\VLV SRSXODU FOXVWHULQJ DOJRULWKPV DQG WKHLU DSSOLFDWLRQV LQ VRPH EHQFKPDUN GDWD VHWV DQG GLVFXVV
VHYHUDOWLJKWO\UHODWHGWRSLFVOLNHSUR[LPLW\PHDVXUHDQGFOXVWHUYDOLGDWLRQ$OORIWKHVHZRUNVDUHFODVVLF
DQG VLJQLILFDQW +RZHYHU WKH\ GR QRW LQYROYH LQ FRPELQLQJ DVVRFLDWLRQ UXOH PLQLQJ DQG K\SHUJUDSK
FOXVWHULQJWRDQDO\]HWKHPDVVLYHDQGKLJKGLPHQVLRQDOQHWZRUNVHFXULW\ORJ,QWKLVLVVXHWKLVSDSHUPDNHV
DOLWWOHVWHSRIWULDO
&RQFOXVLRQVDQG)XWXUH:RUN
+LJKGLPHQVLRQDOGDWDFOXVWHULQJLVDOZD\VDQLPSRUWDQWFKDOOHQJHRIGDWDPLQLQJ,QYLHZRIWKHODUJH
VFDOHDQGKLJKGLPHQVLRQIHDWXUHRIQHWZRUNVHFXULW\ ORJZHGHVLJQHGD IUHTXHQWDWWDFNVHTXHQFHEDVHG
K\SHUJUDSKFOXVWHULQJDOJRULWKP WRSURFHVV WKHQHWZRUN VHFXULW\ ORJ DQG LPSURYHG WKHDOJRULWKPZLWKD
V\QWKHWLFPHDVXUH RI K\SHUHGJHZHLJKW DQG WZR RSWLPL]DWLRQ IXQFWLRQV RI FOXVWHULQJ UHVXOW WR SURYLGH D
GDWDDQDO\]LQJPHWKRGIRULQWUXVLRQGHWHFWLQJDQGDFWLYHIRUHZDUQLQJRIQHWZRUNV\VWHP7KHH[SHULPHQWDO
UHVXOWVKRZHGWKHRSWLPL]HGDOJRULWKPKROGVKLJKHUFRYHUDJHDQGSUHFLVLRQWKDQWKHRULJLQDODOJRULWKP,Q
WKH IXWXUH ZH ZLOO VWXG\ KRZ WR VHW YDULRXV SDUDPHWHUV RI WKH K\SHUJUDSK FOXVWHULQJ DOJRULWKP ZLWK
PDFKLQHOHDUQLQJWKHRU\
$FFRUGLQJWRWKHH[SHULPHQWDOUHVXOWVWKHSUHFLVLRQRIWKHRSWLPL]HGDOJRULWKPLVREYLRXVO\KLJKHUWKDQ
WKH RULJLQDO DOJRULWKP DQG WKH FRYHUDJH RI WKH RSWLPL]HG DOJRULWKP LV D OLWWOH KLJKHU WKDQ WKH RULJLQDO
DOJRULWKP7KHH[SHULPHQWDO UHVXOWVSURYH WKHJRRGHIIHFWLYHQHVVRI WKH V\QWKHWLFPHDVXUHRI K\SHUHGJH
ZHLJKWDQGWZRRSWLPL]DWLRQIXQFWLRQVRIFOXVWHULQJUHVXOW
$FNQRZOHGJPHQW
7KH UHVHDUFK ZRUN RI WKLV SDSHU ZDV VXSSRUWHG E\ WKH  $QQXDO )XQGLQJ 3URMHFW RI %DRGLQJ
$VVRFLDWLRQRI6RFLHW\DQG6FLHQFH1RZHZRXOGOLNHWRUHSUHVHQWRXUWKDQNVKHUH
5HIHUHQFHV
>@ 0 3DYDQ DQG0 3HOLOOR $ QHZ JUDSKWKHRUHWLF DSSURDFK WR FOXVWHULQJ DQG VHJPHQWDWLRQ ,((( &RPSXWHU 6RFLHW\
&RQIHUHQFHRQ&RPSXWHU9LVLRQDQG3DWWHUQ5HFRJQLWLRQ
>@ ) %RGRQ $ IDVW DSULRUL LPSOHPHQWDWLRQ 3URFHHGLQJV RI WKH ,((( ,&'0 :RUNVKRS RQ )UHTXHQW ,WHPVHW 0LQLQJ
,PSOHPHQWDWLRQV),0,¶92/0HOERXUQH)ORULGD86$
>@ 5;XDQG'RQDOG:XQVFK,,6XUYH\RIFOXVWHULQJDOJRULWKPV,(((7UDQVDFWLRQVRQ1HXUDO1HWZRUNVSDJHV

>@ 6%.RWVLDQWLVDQG3( 3LQWHODV5HFHQW DGYDQFHV LQ FOXVWHULQJ$EULHIVXUYH\:6($67UDQVDFWLRQVRQ ,QIRUPDWLRQ
6FLHQFHDQG$SSOLFDWLRQVSDJHV±
>@ ,6'KLOORQ<*XDQDQG%.XOLV:HLJKWHGJUDSKFXWVZLWKRXWHLJHQYHFWRUVDPXOWLOHYHODSSURDFK,(((7UDQVDFWLRQV
RQ3DWWHUQ$QDO\VLVDQG0DFKLQH,QWHOOLJHQFHSDJHV±
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>@ 7.DQXQJR'00RXQW161HWDQ\DKX&'3LDWNR56LOYHUPDQ$<:X$5&HQWHUDQG&$6DQ-RVH$QHIILFLHQW
NPHDQVFOXVWHULQJDOJRULWKPDQDO\VLVDQGLPSOHPHQWDWLRQ,(((7UDQVDFWLRQVRQ3DWWHUQ$QDO\VLVDQG0DFKLQH,QWHOOLJHQFHSDJHV
±
>@ + ;LRQJ - :X DQG - &KHQ .PHDQV FOXVWHULQJ YHUVXV YDOLGDWLRQ PHDVXUHV D GDWD GLVWULEXWLRQ SHUVSHFWLYH
3URFHHGLQJVRIWKHWK$&06,*.''LQWHUQDWLRQDOFRQIHUHQFHRQ.QRZOHGJHGLVFRYHU\DQGGDWDPLQLQJSDJHV±
>@ ( + +DQ* .DU\SLV9 .XPDU DQG% 0REDVKHU +\SHUJUDSK EDVHG FOXVWHULQJ LQ KLJKGLPHQVLRQDO GDWD VHWV D
VXPPDU\RIUHVXOWV,(((%XOOHWLQRIWKH7HFKQLFDO&RPPLWWHHRQ'DWD(QJLQHHULQJ0DUFK
>@ / (UWR] 0 6WHLQEDFK 9 .XPDU )LQGLQJ &OXVWHUV RI 'LIIHUHQW 6L]HV 6KDSHV DQG 'HQVLWLHV LQ 1RLV\ +LJK
'LPHQVLRQDO'DWD7HFKQLFDO5HSRUW
>@ $ +LQQHEXUJ ' $ .HLP 2SWLPDO *ULGFOXVWHULQJ 7RZDUGV %UHDNLQJ WKH &XUVH RI 'LPHQVLRQDOLW\ LQ +LJK
GLPHQVLRQDOFOXVWHULQJ,Q3URFWK,QW&RQI2Q9HU\/DUJH'DWD%DVHSS
>@ 6*XKD55DVWRJL. 6KLP&85($Q(IILFLHQW&OXVWHULQJ$OJRULWKP IRU/DUJH'DWDEDVHV ,Q3URFHHGLQJVRI WKH
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